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(54) NOZZLE FOR GAS TURBINE. GAS TURBINE FOR POWER GENERATION, COBALT-BASE 
ALLOY, AND WELDING MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate repair welding 
for cracking by repairing cracking generated on a nozzle 
by an overlaying layer having multilayers in a welding 
crosswise direction with a specified pass numbers, in a 
nozzle for a gas turbine provided with a blade part and a 
side wall. 

SOLUTION: In the case where cracking 30, 31 generated 
on a gas turbine nozzle are repaired, a multilayered 
overlaying layer having 3 pass or more is formed in a 
crosswise direction by means of TIG welding after the 
cracking 30, 31 are completely cut by means of carbide 
cutter. In the case where cracking generated o the 
nozzle is repaired by the overlaying layer by a gas 
turbine nozzle made of Co-base casting alloy including 
C: 0.20 to 0.30% by weight, Si: 1.0% or less, Mn: 1.0% or 
less, Cr: 20 to 32%, Ni: 9 to 12%, W: 5 to 10%, Fe: 5% or 
less, and B: 0.0005 to 0.015%, the overlaying layer is 
formed of Co- base alloy including C: 0.03 to 0.10% by 
weight, Si: 1.0% or less, Mn: 1.0% or less, Cr: 20 to 30%, 
Ni: 15% to 23%, W: 3 to 10%, Ta: 5 to 15%, and Zr: 0.05 to 0.7%. 
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[0040] mmsXMt. &&xx*&m&&vzrc 

?&g 1 , 4 0 0- 1 , 6 0 0t<OfX^-t:yt't±, ffifil 
tE^^ltLTfc 1 0 5 B5|g|6kgf/«m £fcttS»fliig 
g#9 0 0°CW±^C oS^ii^frffll^n. 

l±2Jlot>o^»S L^o 2&a&P$©#-fc:^yX;l/ 
t^#\ »©SISI i 3 o otJR©**x^-eyi:J± 

^Sfc^O^^MSStt^ftD 1 0 s BflHIl 4kgf/m 
m 2 WJBi&Ktf 800tONi g8Si&&&#ff£ 
[0 0 4 1 ] yX^astfttx Ki£Bt©»iBfcH&©*iH& 

\z&%t7vz<on®orz&Km&*%mtz>i%&i$3b 

3„ S X)]/mt<DWft<Dmtg&ii.. S2 8 0mm, iH4mm 
Umt 4 0 0 tWTtf J8F$ Lt\ 

[0042] ±faa«*srit-rsfci6©»«ffl*x^- 

4 0 0— 1,6 0 0 °C, Sf*L<ttl,450~1.55 

0 °CW±Tfe t) > XSjgtf 5 9 0 °C 

«±6 5 0 "CJ^TTS «J s 1: ><D?g«^# 3 

7 %£A±t>m<btiz> 0 ccxmmnmnhuv (low He 

at Value) gmttZ* *«W©fMlffl3!fX*-lf > 
14. WS^-^>7*b-Ft4, 1 0 s ^1 4kgf/W 
BfflSJttf 9 2 OtULbDN i g#|ga^^X«tt«B S B 

4kgf/mm 2 UffiSStf 8 0 0ttt±©N i gftftH^ 

[0 0 4 3] ffl&XU-FfcliN i S^O^JgffliSlii 
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tic is- K*fl!l\fc#& 
[0 0 4 4] M/X;Wtlt W3S9g»14. BML 

sfeaii^abfcSSEttjK'RSsn*^ envois 

y-yzMz-tcN \ m^-ysmmmmm. 10 
[0045] w±«D«ifc^e., *fga^±, «e 
nrc 3 mite* z-\ty; x>i t *m x n&mm #x * 

[0 0 4 6] (1) aOS^-e^U-KliN ig£&© 

m33 B B B »ii^lx^±-?^lp]14^Ji^?» ; & , ?, «ia*-e 20 

2m£m<D$-\£y/XMZN ig-&£©§«I%fr£& 

[00 4 7] (2) KttiKfta— 
y^jfSrfil^fcN i «^feo-SlRl«IH*5i«llJ:0a 
D , - £ > / XjWijtSfcs— r -f > * 
CoS£&4>iBgfei«fct>&!K S2M©^-^>X 
U-Ft5«tt>*m2@mo^-t*>/X;WiN i g£-£ 

<D»i6ttfr5fti. 30 
[0 0 4 8] jtfX*-lf ^O0W!!l**lRl±**Srcie>K: 

7w F<o^^;i/Sfi5&9zoicJK±k:-rntf, ma*- 
ifyyx^o^xAonSS^t, i,45o~i, 

5 5 0°C tCl-5fe©T*S-5o .fOcttiD^'X^- 
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<D^ptc^-e^**xag*5 9 o-c-6 5 ot^-rn 

tf, 5 3 0°CJ-X±<DMm^S^W-ra 1,4 0 0 °CW± 
<D Tb'x £ - if y J X^APSS^WT a # X 9— e v 

WJMW 5 5 %W±&cT a c «T.fcSsa&*3£ 

tti{gj±-^iap-^^+7ht3 o>r>f-a±o»aiJfi 

[0 0 4 9] 

(M#J i ) SHi, ^f=*381l§3£Rtf Jt«£&© 

ffc^BSc^ (fi*%) J&^-Tc i»±Coffe5„ ££N 
o. 1 frSNo. 4 *^*«W»tq#t J:S^T?*0, 
£-£No. 5A^No. 7 ZT'tfttMmiMmc <t5^T'J& 
a 0 *f|B^©?gtD<f oitmsli 0.0 0 3% J^T> g% 
Mti 0.003 — 0.0 1 5 %T*&ofc 0 No. 5<D-n"&l± 

tzfoftfr-DtCo No. 6RtfNo. 7 t±mi££tlTV£f&!in 

ffl y x;wo c o gst;g£-#T*£ o , mmvnti 

tufflv^fe. No. i^6 No. 5 ©JSiraft l±iS^lfi?SP 
fcfcOiSPLfcMi 0 0N^yn*7 F^ri^ii 

%. mrsx^- v y y Rtf #»iinio3f^©ff stne* 

'Vti&tafcilLfco XX-> f y^l±«m^ft'T' 1 , 1 5 
0-1,2 0 0 ICKlnUftSI, iSS 1 6mmST?AnXLfCo 
-HOinX^^tii? 2 0 %fc LBS 1 6nmST*$KIbiin 
iLfc xx-yy^l(c®ciflt'ig 1.7-1.8 

■■s-p#»hpxaafcBaoiis 1.6™, ssi.o 

0 0mm <D^An#ilLfco {WJjtfjPXtfc^TkX 

x— 5?>yi:pcgtt— ii<Dinx**stf 2 o %t L-uft 

KjftttUKIUraXLfc,, No. 5 0^ttCO#ll5ffi 
[0 0 5 0] 

can 
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h v 3 i o tm$>M^\ <wifk©sa*c*ttfi»"t? 

0.10% WT^jffSbV^ittf^ofe. 
COO 5 4] (2) 

SfS?l3S#tttt8 i 6°CTifffit/c 0 ^oiSim^tct 

[0 0 5 5] (3) 

* u -yaswf#iti± 900 ■c-eftffijsa-je© 1 7 2 m 

K{4fi£*}SfinWfc:«t5J8g^S©lR»fl^iao 2 0teW± 
©£"£No. IT 7 5 0l$M, ^No. 1 , 0 5 6 B| 



[0 0 5 3] (1) 40 

Sffii«Rc^f^OStri&*^flEbTV^fe»»»ji 
^SfiEiltb-^CfiCD^fifiT'O. 1 0% £iBS.*t> 
^V^ntlf '^Xl^Hv 3 0 0£TFT?£a©£ttL 50 
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[0 0 5 6] (4) tift'ftfr&fflm 

i&VJ 9 o o °CT-£0--f&iBB-:£<D 

0.4% T-fFfifL^c 5£mO®1JaWfc£Z>fe&£M<Dt& 

[0057] (5) mmmfttii 

3oo@-(?oft^tsg*-i?ffpffiLfco zommLmv 
o omz. *"x^-n*y^-^D s safe 

SI?^«T©^iNo. lT:-5iDm, -^No. 4 T? 

[0 0 5 8] (6) J8&#14 

2 S 0, -2 5 %NaCl<D?g£-&7?£3o p<£/-;l/£vS 
y X- 1 LTZg-&^ONa 2 SO. -25%NaCl^rM^fc^ 
U 2 5^RgiD^OSa^?,^tt^l¥fjffiL^o ^ 
0 . 2 kg/m 2 £g3Si: LsSi&t^Jtffi?)*^ 
Lfco iSf^iHgl 3mm, /P^3mmhLfc 0 ^£>£g 20 

[0059] jx± n ^mmrm^t)^xr>i^^m<D 

n/co 30 
[0060] <m#j 2 ) 0 4 a, *%^tc i ssse 

KRtf /X;i/«#©tfcfcHT?**o 3 ttfflSXu- H\ 

5{±gI2@Xb-F, 7{±S3grU-K, 2 0 MS 
/X;k 2 5 tt£ 2 Xrt/, 2 7&iS3K/X/k 4 

ttj-eyf-fx^, 1 oti^-eyx^Xv-^7 K 
i 3t^-t*yx^7*y^f;i/F> l 8i££-eyx 
U\ i 9(±-r-rx^y ht!— etinyXi^-v-y- 
tVX*. l ZfctayXV'ytfXU-K, StinyXb 
>y-9-X^-y*y^**Vl/K, 9 IJnyXb-y-tf-X^Xv'-*' 40 
xbTS^c **SS©^x^-H~yt±^-H'yyp-F 
Rtf * - e y j XfrtfZtiZti 3 ISTofe 3 „ 
[0 0 6 1] *HSWcfciJ-5*"x^-t"y<oM^l' 

-F3{±, n i mm^&<o^mmm»r-h k> . mm? 

C r 6 ~ 9 %, M o 0 . 5 ~ 5 %, W0 . 5 — 1 0 % , 
A 1 4 ~ 7 %, SlfCoO.5 -10%, fr^tsN i S 

XtiCtlKR e 1~4%. Ta3-9%, Hf 
0.2% T i 2 %J-XT. N b 2 %J-XT£.tfM o 5 

%&cf<o i aw±*^€rN i i^tiotiisn 

3 C «JSXU-Kt±Sg&l 3 0mmW±, ^©£fiti£)2 50 



ttBfljp 1 1" 1 1 7 7 0 5 
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2 0nOJU:T?a&3. ^©#^^1*0 1 0 s B#R3 1 4 
kgf/mm 2 ©ffifflSSli 9 3 0 °C~ 9 4 0 °CT*£ t> , rtSP 

^-y^-FUX^ST-£5o XU- FO^iStUu fiM 
T'Al 2-5%, Cr 2 0- 3 0%, Y0.1 — 1 %£ 
^MSBBN i X«N i + C oA^aS^S^Kfbtt 
ME»HmTTX9Xv?gMtci;-pT5 0~1 5 0/im 
OJ*«fc»»t»dtt*W«>fe. ^^SHHilfea 1 , 2 

5o~i,3 5 o°cT*mm<mmm. 1,000-1,1 

0 0 "CRTS 8 5 0-9 5 0 "CT'O 2 &I^MljWl*ff l/\ 
->2# 1 ji mJXTOSS©y ' fi%50~70 £M»%T 
ffitB^fc £>©-££> 3 0 £S2|gXb-F5 43«fctf3l3lg 
Xb- F 7 fctSST\ Cr 1 2-1 6%, Mo0.5 - 
2 %, W 2 - 5 %, A 1 2 . 5 — 5 %, T i 3 — 5 %, 
Tal.5 — 3%, C o 8 — 10%, CO. 05 — 0.1 
5 %, B 0 . 0 0 5 - 0 . 0 2 %, fcittSaP^nfiB©^ 
ftitN i A^ftSN i ll^T'MtSo ^n?.© 

xu- Fttiiiitoiijfit «fc D»5na^aaffl«*w-r 
suet »>?&»*-«. tn^osiBoi o 5 u#m 4k g f/ 

mm 2 ©jBfflSSl±8 4 0t~8 6 0tT?fe5o XU-F 
^ffi&c&±, C r£5W±A 1 ©tfcffca— X^^X^SS 

[0 0 6 2] :8Ji&/X;l/2 Ott^-VA^aOtOT', 
MfiT% C r 2 0 - 3 2 %, N i 9 - 1 2 %, W 5 - 1 
0%, Co 8- 10%, CO. 2 — 0.4%, S i 1 %« 
T, Mnl %JXT, B0. 005-0. 015 %Rt>*F e 
5.0% iXT. ^t&CoIi^tffflV^n, ^TcT 
i 0 . 1 — 0 . 4 %, Z r 1 . 0 %J^T, N b 0 . 3 %£JL 
T, H f 1 . 0 %WTRtf T a 2 . 0 %WTO 1 SW±* 

1 0 5 Bf 6 kgf/mm 2 QftffliB&U 9 0 0 °C~ 9 
1 0°CT$5 o ^P-XK^SCO>f>lfyy?p 

wa/x;i/ow«iB©^dftfc:»-raaB»t 

SttS^e.4»3, »li5 0~2 0 0 ^miD^a 
*S«r B £D^titg 1 0 /t mttTOttttB B B*tt5 2 S 

IltioT 1 0 0 — 2 0 0 /im©JP?t|5tt> ^— X 

^lfc^3-7Bfco raois^-Ji t frb & % „ 

IttHT'Al 2-5%, Cr 2 0-3 0%, Y0.1 
- 1 %^#*S^N i X«N i +C o^&ftS^A'S 

*§fcfi#i± 1,1 5 0-1,2 0 OlCPjSWb 

ffla^x 820-880 °cti s^s&tesoSiiaa^Jfi 

[0 0 6 3] ^2g/X;V2 5*5£tfIt3g/X;l/2 7 
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tj^-y#3ji<Dt>0r£\ mmx\ c r 2 1 -2 4%, 

C o 1 8 — 2 3 %, C 0 . 0 5 — 0 . 2 0 %, W 1 - 8 
%, Al 1-2%, T i 2 ~ 3 %, T a 0 . 5 ~ 1 . 5 
%, B 0 . 0 5 - 0 . 1 5 %, fe«fctf»aE*TO©*l*tt 

tN i *^ftaN i anifi^T«ijjE"r*o ctie©/ 

X;WC&ft:ft14£i^i63fc#>k:C r$5WiA 1 <r>%LWL 
B#F^6kgf/mm 2 ©itfflSJtte 8 4 0 o C~860°CT?&£o 

[0 0 6 4] *Hffifi^jT-{±^-lf >"r-YX^ 4 (cSft 
T% C 0 . 0 3 ~ 0 . 1 %, C r 1 2 ~ 1 8 %, Til. 
2 — 2.2%, Fe30%-4 0%, Nb 2. 5-3.5 
%, B 0 . 0 0 2 - 0 . 0 1 %RCfiS8&&^fito£ N i j&» 

4 5 0 °C, 1 0 1 h * U -ysaWSSS*' 5 0 kgf W 20 

±T$>9, »S#x*-ifyffl*teLTiES$ft3&K*+ 
[0 0 6 5] 3y^?U-7U-Httl 7lST% t#?> 

[0066] wmmnt^r, mmmmis 

[0 0 6 7] KiOMtioT, !8&ttfcJ;t>4a*itt 

^ < y x $ n/c #x 2 - tr yt>m z $ - 

t£y/X/W\©#XA9nSg>V l , 5 o o°c , W2& 
-if yyu-F©>«^;i/Sfi^9 2 o°c, tfx^-try 30 

©SEtfXSfifci 6 5 0 °CTS 0 . f£«2W# L H V*^ 
[0 0 6 8] H6H:**fi(iWfc:*»ta«3ayX;I/©»ffi 

?ti5. ^->3 6 ttH 7 ©idle— 

-T K * SStA L±?ft{pi]© U -fy^'i y ^SP 

fc^©fta&5©4S535cfc D?&9fflS»Wt-»fc:aus«l: 3 £ 
[0 0 6 9] 137.%— ^yyXMtmeic^t^oi^ 

83©SI£4 , fcHME©' J; 5 ^©SJKT* 1 , 5 0 0 °C ©S 
©^77^30, 3 ni0 8fcttST ^i^Mft^-f 50 
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<fc 0 4H& l 0 mmTOJ-f 5 Z. £ IC <fc 0 tfjfr 5>4s5S T*? 5 >y 

m&m it j Xjvmm t # l T w-s < & 3 «fc 5 £ 

fgttfc„ =5:43, iSSKBSLT, #X*-l£ V/Xb* 
1,15 OTCT'4 htPj»«i*t-*»«:fbftUl*JfiLfc. 

[0070] $7c. jBi27v*©aji8Srett&ifft 

1 , 1 5 o°c ^4iififfliraMktt»iBfttfT?iiniftfiaf-r* 
»wb«yi*ff o 9 8 2 "CT?©iita«yi*sfi u 
$ffi$8jf*^-x^&©sf*^® trails 

F«>*— ;I/rtflltZ r 0 2 S©3I3ft3— f >y*S6 
L feo c ft £ L/c/ X;l/**«K«Mfi US 

[0 0 7 1 ] Sfc % ^-eygWXgSfi 5 5 0°C~6 
5 0°C£:&D, MmSS5 3 01CW±. g^SS^g* 

3 o~5 oj>?-<Dmw&i£-fomM$?Lz-£y£<DW. 

[0 0 7 2] 

1 , 5 0 o°c WL<Dj5xz— tr^cfc^s, xi/— f. y 

©^ff [b! U*ff TOaRW RT^fe * 9 , L H V g^T* 
3 7 %tt±Oia$Oi)X^-lfy?:iSi: il^T't 

[0S©®¥ftlKHi!] 

[0 2] T I G7g&gB©M2o 

[03] i««*ii»fro«aifii[ii*^-rB. 

[04] *«Wfcff*^*-^>©lsNEa5^0»fffi 

[0 5] 0 4 \Z7r,-$i37. z-EytDZ-vyfu-FR 
t>VX;b^©ffiA0 o 

[06] *^t^a^x^-ifyk:fctts*!is^-tr 
y/X;I/©¥ffi0o 

[07] 0 6©S]S/X;i/©Sg|5©MtI0 o 

[0 8 ] SJgy X;l/©fiJft i: MifcJBtt *^T«JSHo 
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f*BB¥ l l-i 1 7 7 0 5 
22 

* U7^WK, 1 8-*-t*yX^— 9\ 1 9-x-f 
-fX^ 2 2 2 5 

-»2&y;Ok 2 7-»3@iyX;k 30, 3i-^ 

^-y^, 3 6 -^-X 3 7-rt«-9--1'H»>*-;l/»» 
3 8 — ^i«-9-^T K 



[HI] 
0 1 



[02] 



El 2 







azmwz >m it 



(72)%l#g ft 03 fflj? 



tfWW 1 1 - 1 1 7 7 0 5 

DiffErl ¥fiU 3*P 1 131 6H (2 00 I. 11. 16) 

[^BflS^] «fB8¥ 1 1 - 1 1 7 7 0 5 
[^IJBH] 1^4j!27B (1 9 9 9. 4. 27) 

C^ii^ai 4^ IH^B 11-117 8 

mSmm #§t¥9 - 2 8 6 5 1 8 

[a^fF^^7KS] 

F01D 9/02 101 
B23K 35/30 340 
C22C 19/07 
F01D 5/28 
[F I] 
F01D 9/02 101 
B23K 35/30 340 M 
C22C 19/07 H 
F01D 5/28 

[ffiffiB] ¥$13^3^300 (2001. 3. 3 
0) 

vzwms. i ] 
mtEmmma mm 

/X/l^mStfjg&iH^ftfc: 3^XW±T% &m&cDfa 
}^6ttaiBi:|pli;S«K:WB"JSnT^*cfc*«pafr 

tufei^^rSScM^ 1 OmnJ^jKDS^tSS^nTl/^Ci: 

*«ffS t T s # x 2 - tr / X;i/o 

rt/ilfcfliS.* S»T% CO. 20-0. 3 0%, Si 
1 . 0 %WT, Mn 1.0% £TF. C r 2 0 ~ 3 2 %, 
Ni 9-1 2%, W 5 - 1 0 %, F e 5 %&CFRXfB 
0.0005-0.01 5 %£#t? C o SHJg^jb^ft 

0.03 — 0.10%, S i 1 . 0 % WT, M n 1 . 0 % 
J^T, C r 2 0-3 0%, N i 1 5-2 3%, W3— 1 
0%, T a 5- 1 5 %m$Z r 0 . 0 5-0 . 7 

-m i 



X;l/ 0 

t%ffix., c oS^it^<tt)*5*"7>^-ifyfflyx 

13, Nil^<, Ci, CrlfiCTI^>4<, T 

t^ffl/X/l/o 

o-#© CMO0 . 1 0~0.4 0fgOCI*^t5Co 

[11*^6] Hj&g l fcfci^T, 1512/ X;l/£>ftStf£ 
1 0nun«±©S?lCiffi^tlTl/^**X^-e>fflyX 

cit*57] is*3S3~5 w-rn*^fe^Tx tufa/ 

St^ffifcl^iftSMfffflStiT^szii: ; Xfct/Rtf 
1512/ XMimS^U KftSitf^JIfioAffiSSM 



ftfflW- 1 1 - 1 1 7 7 0 5 



fjI2l^7gM)f &HUfBC olgl^iO^ N i Jtft^ 
<, CM, CriMWi^SC, T a^triuiec 

mm&m&Eimmc oiiji^cico. i o~ 

9 & 3 #7. £ - k: > ffl / X;b 1 & -3 T , !£y X;l/ 
5S?§^M^S5I2 C o S^ig-a-^O C »<D 0 . 1 0-0.4 

/Rtf ituiay xvuimssrw u mm.m^m&(om& 
>wx;w 

[tS^Il 0] IS*^8Xti9tt3^T, BulHyX;l/© 

Ttmzti, mm&m&mte i omm^UKDfi^cs^ 
nx t ^ a*x * - 1: y m y xvk 

[IS*J§ 1 1 ] fi*T\ C 0 . 0 3 ~ 0 . 1 0 %, Si 



1.0%HT, Mnl.0%WT, Cr 2 0-3 0%, N 
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